Objectives-To review our 25-year experience with a single umbilical artery and fetal echocardiography to estimate the need for this test in cases of an isolated single umbilical artery.
T he umbilical cord normally contains 2 arteries and 1 vein. The normal cord is identified on sonography by obtaining a cross-sectional view of a free portion of cord or by using color or power Doppler imaging to assess the umbilical arteries as they course on either side of the fetal bladder. [1] [2] [3] A single umbilical artery, also known as a 2-vessel cord, is the most common anatomic abnormality of the umbilical cord and it is found in 0.2% to 1.6% of euploid fetuses and in 9% to 11% of aneuploid fetuses undergoing sonographic evaluations. 4 It is thought to occur as a result of atrophy or agenesis of one of the umbilical arteries at any location from the origin off the internal iliac artery to the insertion site on the placenta. 4 Fetuses and neonates with a single umbilical artery have been found to be at increased risk of adverse outcomes such as structural and chromosomal abnormalities, growth restriction, low birth weight, and stillbirth. [4] [5] [6] [7] [8] The incidence of structural abnormalities has been reported to be 11% to 66.3% depending on the case series studied. 4, 5, [9] [10] [11] Structural abnormalities in association with a single umbilical artery have been described in 15% to 31% of fetuses undergoing sonographic evaluations. 7, 8, 12, 13 These anomalies include various organ systems such as the cardiovascular, genitourinary, central nervous, gastrointestinal, and musculoskeletal systems.
Earlier studies on a single umbilical artery recommended fetal echocardiography for these pregnancies because cardiac anomalies were reported in 9% to 23% of the fetuses. 4, 12, [14] [15] [16] [17] However, more recent studies have shown that fetuses with an isolated single umbilical artery appear to have a lower incidence of congenital heart disease compared with those with additional abnormalities besides a single umbilical artery. [18] [19] [20] [21] Fetal echocardiography incurs considerable economic costs and causes unnecessary maternal anxiety. 22, 23 The objective of this study was to review our experience with a single umbilical artery and fetal echocardiography in a single institution during a 25-year period and to determine the utility of fetal echocardiography in isolated cases of a single umbilical artery.
Materials and Methods
We conducted a retrospective cohort study of all pregnancies that underwent fetal echocardiography after a detailed anatomic survey revealed a single umbilical artery between January 1, 1990, and June 30, 2015. The ultrasound database (Observer 7; Vision Chips, Laguna Hills, CA) at the Saint Francis Hospital and Medical Center prenatal diagnosis unit was searched to identify all fetuses with a diagnosis of a single umbilical artery. The delivery and placental pathology records were reviewed to confirm the diagnosis of a single umbilical artery. The study was approved by the hospital's Institutional Review Board.
A single umbilical artery was diagnosed at the time of the fetal anatomy scan when a transverse view of the fetal pelvis showed only a single umbilical artery coursing around the fetal bladder. Color or power Doppler sonography was used to confirm the diagnosis of a single umbilical artery. During the study period, fetal echocardiography was performed by a segmental approach using standardized anatomic planes and incorporating pulsed wave, color, and power Doppler imaging via the transabdominal route as per existing American College of Echocardiography and American Institute of Medicine guidelines for the period studied. [24] [25] [26] The anatomy scans and echocardiographic examinations were performed by registered sonographers and maternal-fetal medicine specialists. Sonographic studies were performed with the following systems: Acuson 128 with a 3.5-MHz linear transducer (Siemens Medical Solutions, Malvern, PA), ATL Ultramark 9 with a 3.5-MHz curved array transducer (Philips Healthcare, Bothell, WA), ATL Ultramark 4 with a 3.5-MHz curved array transducer (Philips Healthcare), HDI 5000 with a C5-2-MHz transducer (Philips Healthcare), iU22 with C5-1-MHz transducer (Philips Healthcare, Bothell, WA), and Voluson E8 with 2-7-and 4-8-MHz transducers (GE Healthcare, Wauwatosa, WI).
Singleton or twin pregnancies with a diagnosis of an isolated single umbilical artery were included in the study. Excluded from the study were pregnancies with the following: (1) an aneuploid fetus, (2) a 2-vessel umbilical cord later detected by sonography, and (3) extracardiac abnormalities. The maternal age and weight, ethnicity/race, parity, gestational age at the time of the fetal anatomic survey and fetal echocardiogram, prenatal sonographic findings, and delivery information were recorded. The placenta was sent to histopathology at the discretion of the obstetrician at the time of delivery.
The study population was classified into 3 groups based on cardiac views obtained at the anatomic survey, which included the 4-chamber heart, right ventricular outflow tracts, and left ventricular outflow tracts for all years studied: normal, incomplete, and suspicious. The normal group was defined as pregnancies with an isolated single umbilical artery and normal 4-chamber and outflow tract views. The incomplete group consisted of pregnancies with an incomplete or inadequate cardiac study. If a cardiac anomaly was diagnosed or suspected, the group was classified as suspicious. Echocardiographic findings were classified as normal or abnormal, and results were compared among the 3 groups. Since the hospital acquired new ultrasound equipment in 2008, we subdivided the study population further into pre- 2008 (1990-2007) and post-2008 (2008-2015) studies to see whether the variability in the quality of the equipment improved the accuracy of detection.
The primary outcome measure was the incidence of cardiac anomalies at fetal echocardiography in the normal group (pregnancies with an isolated single umbilical artery and normal 4-chamber and outflow tract views at the anatomic survey). Statistical analysis was performed with SAS version 9.4 software (SAS Institute Inc, Cary, NC). The v 2 test or Fisher exact test, if the cells sizes were small and warranted exact methods, was used to compare rates between groups for categorical outcome variables. All tests used a 2-sided a level of significance of .05.
Results
Between January 1, 1990, and June 30, 2015, a search of the database identified 436 patients with a diagnosis of a single umbilical artery at the time of the anatomic survey. Twenty-four patients who subsequently had a diagnosis of a 3-vessel cord, 58 fetuses with extracardiac abnormalities, and 4 with chromosomal abnormalities were excluded from further analysis. Three hundred fifty (80.3%) patients met the eligibility criteria. Fetal echocardiographic records were not available for review in 62 patients. These patients either received a fetal echocardiogram at a different institution or were lost to follow-up and were excluded from further analysis. The remaining 288 pregnancies formed the basis of this study (Figure 1) .
The mean gestational age 6 SD at diagnosis was 22.6 6 5.2 weeks, and the mean gestational age at echocardiography was 25.1 6 3.6 weeks. The mean birth weight was 3000 6 0.7 g. There were 2 stillbirths, and fetal growth restriction was identified in 8.9% of pregnancies (Table 1) Data are presented as mean 6 SD and number (percent) where applicable.
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In the normal group, 99.1% (230 of 232) patients had a normal echocardiogram; the 2 abnormal cases were ventricular septal defects. Normal echocardiograms were obtained in 81.8% (36 of 44) and 25.0% (3 of 12) of the incomplete and suspicious groups, respectively ( Table 2 ). The reasons documented for an incomplete examination were maternal obesity and fetal position.
When we subdivided the group into pre-2008 (1990-2007) and post -2008 (2008-2015) studies to see whether the variability in the quality of the equipment improved the accuracy of detection, no difference was noted between the periods ( Table 3) .
The cardiac abnormalities detected were ventricular septal defects (n 5 5), atrioventricular canal defects (n 5 5), coarctation of the aorta (n 5 4), aortic stenosis (n 5 2), atrial septal defect, hypoplastic right heart/pulmonary stenosis, and tricuspid valve dysplasia (Table 4) . Neonatal data were not available for confirmation of the cardiac abnormalities on echocardiography or to identify any cases that were not detected prenatally.
Discussion
In this study, pregnancies with an isolated single umbilical artery were evaluated to determine the need for fetal echocardiography based on the views of the 4-chamber heart and outflow tracts taken at the time of the anatomic survey. Only 2 cardiac abnormalities, both small ventricular septal defects, were identified by fetal echocardiography among these fetuses. However, pregnancies with a single umbilical artery and no extracardiac abnormalities but with incomplete or abnormal cardiac views did benefit from a more detailed evaluation of the heart, as evidenced by the 18.2% and 75.0% of cardiac abnormalities detected, respectively. Therefore, pregnancies with an isolated single umbilical artery do not need to have fetal echocardiography when the views of the 4-chamber heart and outflow tracts are normal at the time of the anatomic survey.
Recommendations regarding counseling and management in cases of an isolated single umbilical artery have been explored both before and after inclusion of outflow tracts in the standard anatomic survey. 4, 14, 15, [17] [18] [19] [20] Most high-risk and perinatal centers have used the 4-chamber heart and outflow tracts for evaluation of the heart for many years before the official societal recommendations changed to include the outflow tracts, as has been performed in our center. Earlier, investigators suggested that an appropriate course of action for pregnancies with a single umbilical artery should include fetal echocardiography because of the common association with congenital heart disease. 4, 15 In their study of 77 fetuses with a single umbilical artery, Abuhamad and colleagues 15 identified 10 cardiac abnormalities in isolation or as part of a complex. Other investigators agreed with this recommendation even though their studies showed very few prenatally diagnosed cardiac abnormalities. [14] [15] [16] [17] In 2001, Budorick and colleagues 17 found abnormalities on fetal echocardiography in 1 of 21 fetuses initially thought to have an isolated single umbilical artery. The fetus had a normal 4-chamber view on detailed sonography, but the outflow tracts could not be adequately visualized; however, on echocardiography, the fetus was found to have multiple abnormalities. In our study, this case would have been classified as incomplete, therefore requiring a fetal echocardiogram.
Subsequent studies have questioned the need for fetal echocardiography in cases of an apparently isolated single umbilical artery with normal views of the 4-chamber heart and outflow tracts. [18] [19] [20] In 2002, Gossett and colleagues 18 retrospectively analyzed 127 pregnancies with a diagnosis of single umbilical artery and found that the 74 pregnancies with an isolated single umbilical artery had a normal echocardiogram. Sixty-eight of the 74 fetuses had a normal 4-chamber view of the heart before echocardiography. In 2010, Defigueiredo and colleagues 19 showed that from the 16 cardiac defects diagnosed in 246 cases of a single umbilical artery, 10 defects were in a subgroup of 233 pregnancies with no other extracardiac defects. Only 3 defects, 2 ventricular septal defects and a left superior vena cava, were diagnosed by a "specialist." The other defects were readily diagnosed by evaluating the standard views of the 4-chamber heart and the great arteries. In an unselected group of 98 pregnancies with a single umbilical artery, Prefumo and colleagues 20 detected no cardiac abnormalities in the 85 fetuses with no extracardiac abnormalities. The fetal echocardiographic examinations were performed by an experienced fetal medicine consultant or by a fetal cardiologist. Recent reports have shown that fetal echocardiography may be of limited benefit after normal anatomy scan results have been obtained at an institution where a high volume of sonographic examinations are performed or where the examinations are read by maternal-fetal medicine specialists. 27, 28 Encountering a fetus with an isolated single umbilical artery remains problematic in counseling and management. Previous recommendations may be difficult to follow because of differing patient populations (at risk versus mixed risk versus not stated) and also because of the change in societal cardiac examination requirements, which changed from the 4-chamber view to the 4-chamber view plus outflow tracts when technically feasible. 29, 30 This study consisted of a mixed-risk population, which may be more useful and applicable in a variety of ultrasound centers. In addition, the anatomic survey included views of the 4-chamber heart and outflow tracts for all years studied.
On the basis of our results, we recommend the following: (1) no further follow-up needed in a fetus with an isolated single umbilical artery, with normal aneuploidy screening results and normal views of the 4-chamber heart and outflow tracts; (2) fetal echocardiography for an isolated single umbilical artery and suboptimal or inadequately visualized views of the 4-chamber heart and outflow tracts; (3) fetal echocardiography for a fetus with a single umbilical artery without additional extracardiac abnormalities and a probable abnormality on views of the 4-chamber heart and outflow tracts.
